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Abstract: In this paper we use Fuzzy Set Theory to solve one of the essential problems in 
Railway Engineering: estimate the strength of rolling stock. As known, the strength 
of, any, rolling stock depends upon several factors that cannot determine them 
accurately. Therefore, we can consider them as fuzzy factors. The strength of any 
rolling stock can be changed depending on its operating conditions and the 
intensive of operation, that can consider as fuzzy factors too. A new proposal 
method developed depending on Fuzzy Set Theory to estimate the strength of 
mobile equipment or to compare between several rolling stocks for a specific job by 
utilizing the abilities of SolidWorks and ANSYS with special Fuzzy logic programs in 
MATLAB. 
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ИССЛЕДОВАНИЯ ПРОЧНОСТИ ПОДВИЖНОГО СОСТАВА КАК 
НЕЧЕТКОЙ ФУНКЦИИ 
 
Аннотация: В данной работе мы используем теорию нечетких множеств для решения 
одной из важнейших задач железнодорожного машиностроения – оценки 
прочности подвижного состава. Как известно, прочность любого подвижного 
состава зависит от нескольких факторов, которые не могут их точно 
определить самостоятельно. Поэтому мы можем рассматривать их как 
нечеткие факторы. Прочность любого подвижного состава может изменяться 
в зависимости от условий его эксплуатации и интенсивности эксплуатации, 
что также может рассматриваться как нечеткие факторы. В работе в 
зависимости от теории нечетких множеств разработан новый метод для 
оценки прочности подвижного состава или сравнения нескольких 
подвижных составов для конкретной работы с использованием 
возможностей SolidWorks и ANSYS со специальными программами нечеткой 
логики в MATLAB. 
Ключевые 
слова: 
Подвижной состав, хоппер-дозатор, прочность, нечеткие факторы, теория 
нечетких множеств, нечеткие группы. 
 
Introduction. Always there is a misunderstanding between the concept of strength and 
reliability of rolling stock. Therefore, we wish to explain these concepts firstly. In few words, reliability 
is the ability of any machine, or system to consistently perform its required function or mission, on-
demand and without degradation or failure. High machine reliability can deliver by ensuring the 
chance of mechanical failures, prevent it from doing its duties, are low. The secret to long and trouble-
free machine lives is kept its parts and elements at minimum stresses within right operation 
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conditions, so there is a low percentage of risk. If being away from reasons of failures, the failure will 
not happen, and the machine or equipment continues in service without any issues and with full 
availability [1, 2]. 
The strength of material defined as, its ability to withstand an applied load without failure or 
plastic deformation. The strength of the material is of a vast importance for rolling stock that used to 
the mass transportation of people or goods (such as planes, metro, and trains) and for equipment’s of 
particular purpose which we are trying to reduce the probability of its failure to the minimums level 
(such as a military mobile equipment and spacecraft). 
The strength of any mobile machine depends on the strength of its structures (parts) that 
subjected to high stress or located in the high-stress zones. From the stresses analysis, we can find the 
high stresses zones and low stresses zones where the property of materials failure is higher in the 
higher stresses zone. To reduce the property of materials failure, the total stresses acting in the 
machine parts should not exceed the allowable stress of the metals. This compression between the real 
total stresses acting in the machine parts and the allowable stress of the metals of these parts in 
specific operating conditions can give us a clear idea about the mechanical strength and reliability in 
this operation conditions. 
In real life enforced us to deal with the equipment with a shortage in the operation and 
maintenance history where equipment comes for maintenance without a history log which is often 
missing or non-integrated. In this case, there is no precise idea of the equipment and its future 
operation ability. The strength of this equipment should be estimated to determine the intensive and 
kind of operating ability that be safe and suitable for this equipment. The identification of the rolling 
stock machines strength currently relies on a study of its characteristics separately without taking into 
account the Fuzzy factors (nonspecific) that affect the work of the rolling stock. Therefore, in this 
paper, we present a new theory to estimate the strength of the mobile equipment by studying and 
analyzing the Fuzzy factors (nonspecific) that effect on its strength and reliability, based on the (Fuzzy 
Logic) [3, 4]. 
From the statistical studies, it is clear that there were several factors play the main role in 
rolling stock failures, but the effect of these factors changed depending on the environmental 
conditions where the machine worked. Perhaps the most important factors that affect the strength of 
the mobile machine are: 
 fatigue failure; 
 corrosion and erosion; 
 cracks. 
These factors are playing an important role when studying the strength of the rolling stock. But 
the effect of these factors is changing depending on the work environment and the climate where the 
rolling stock working when assuming the same work-intensive. As the fatigue failure play the main role 
when we are investigating the strength of mobile machines in the hot and dry climate countries, Fig. 1, 
the corrosion and erosion play this role in the high humidity and cold countries, Fig. 2. 
  
Figure 1. The most important factors 
that affect the strength of the rolling stock in 
dry and hot countries 
Figure 2. The most important factors that 
affect the strength of the rolling stock in the 
high humidity and cold countries 
 
Through the diagrams above we note that the Fatigue failure and corrosion & erosion plays the 
main role in determining the strength of the mobile equipment, but their effort depends on the 
environmental conditions where the equipment’s work. 
FUZZY LOGIC: The emergence of a Fuzzy theory is a revolution in the development of classical 
algebra and a upgrade to a higher level so that it is now possible to take the information and data that 
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was not specified in the mathematical modelling process, Posing the possibility of absorbing 
information and more data in a mathematical model to a problem. 
The theory is based on the idea of removing the Fuzzy boundaries on the logic of reparation 
classical groups, which says that the group contains a specified number of elements each element that 
does not belong to this group cannot be attributed by any link, which often contradicts with nature and 
human behaviour. 
In the past stripping everything around us mathematically was necessary to be able to carry out 
mathematical simulation of the phenomena we wish to process and control, But it seems that with the 
accumulation of science, information and discoveries, it became necessary to expand the mathematical 
abstraction and the tendency to try to simulate the phenomena as it is in nature and away from 
abstraction for the sake of ease and simplification, and here came the idea of Fuzzy groups in the 
expression of groups as a way out of the trouble of limited simulation of phenomena. Instead of to 
express that an element belonging to a group with an answer yes or no, now the question is if the item 
belongs to a group, what is the degree of its membership, and this degree of membership is the 
spectrum between the value’s zero and one, in other words, there’s a factor that can describe these 
value’s which is called the “Membership Factor”. 
Now we can say the logic of yes or no - true or false - white or black is a special case of spaces in 
the grey gradient black or white, which lies between the two, from here given the name “Fuzzy” [5]. 
Fuzziness theory Allows us to expand the Mathematical simulation of the phenomena, when we 
know the mechanisms of a project in a specific and classic way, we will come out with only one proverb 
that gives an idea about the number of these mechanisms, but when we try to know the group of 
mechanisms and mechanical technicians ready to work, we will fall in the trouble of judging the 
belonging to this group or not, it is well known that readiness of an equipment is an issue related to the 
large number of criteria which its impact differs due to climate conditions and surrounding situations, 
so How can we formulate this group within the logic of Yes - No, this example shows us that it is 
imperative to take into account the Fuzzy groups and its presentation [5, 6, 7]. The primary objective 
of the Fuzzy theory is, not the removal of Fuzzy ambiguity but also to recognize its existence and its 
impact on the mathematical model. 
At the very beginning, there was confusion between the concept of possibilities and Fuzzy 
groups, because of the similarity between the distribution factors and membership factors, that’s why 
it is necessary to put the difference in mind. While through statistics we are trying to predict the 
future, through the search for values that are more frequent, by simulating the Fuzzy groups we 
disclosure the elements of the mathematical model, which has no digital reflection and define it as a 
Fuzzy set. 
We Say about the group to be Fuzzy (Fuzzy) A in X and is expressed as follows: 
   XxxxA A  ,  (1) 
Where A x( )  is the degree of belonging to the element x to the Fuzzy group A which its val-
ues are between [0,1]. 
It is mathematically common to find for each group a membership factor of its own, whereas the 
form and nature of the membership factor has a major impact on defining a group, here begins the sub-
jective element to intervene in the matter, and to alleviate it must take into account possible standards 
available that influence the formation of membership factor. 
We may generally distinguish two types of factors, linear and nonlinear, in the case of non-linear 
the concave or curvature has a role in the expression of optimism or pessimism in the evaluation pro-
cess that we have, through the mathematical model [8, 9]. 
PROPOSAL THEORY &IT’S APPLICATION. The suggestion theory consists of three steps, as 
represented in Fig. 3. The first step is to collect all the initial information about the rolling stock that 
we need to determine its strength. In this step, we must collect all information regards of the machine 
design, operation and all initial conditions surrounding it in the travelling and operation regimes. In 
the second step, we must formulate the membership function for the Fuzzy factors and formulate the 
finite element module to determine the high and low-stress regions. In this period, we must build the 
mathematical model with the Fuzzy factors that we find from step 1. At the third step, by using the 
abilities of ANSYS, Solid Works and MATLAB, we can determine the membership function of the total 
stress of the rolling stock by using the wear failure and fatigue failure models. The final result about 
МЕХАНИКА, ЖЕЛЕЗНОДОРОЖНОЕ МАШИНОСТРОЕНИЕ, МАТЕРИАЛОВЕДЕНИЕ 
 ВЕСТНИК ТашИИТ №3, 2019 45 
the strength of rolling stock can be got by comparing the fuzzy total stress effect on structure of rolling 
stock with the max allowable stress for the metal of this structure. The strength of rolling stock will be 
the result of (1-µ) where µ represent the membership value of the intersection between the fuzzy total 
stress membership function and the max. stress allow of rolling stock structure metal. 
For apply this theory, from several types of mobile equipment we selected equipment called 
“Hopper Ballast Wagon for transport and lying ballast” (hopper – dosage machine), where this equip-
ment is used to fresh gravel when making or maintaining new or old railway lines. This equipment op-
erates in harsh working conditions: weather conditions such as humidity and high temperatures, rain 
and other extreme load conditions, On the other hand the nature of its work is distributing gravel on all 
parts of the railway or road, this kind of work gives some parts of the equipment very high stresses 
and pressure which leads to a reduction of service work and raises the specter of failure, and to apply 
our theory we selected the most important part of the equipment which is the part of loading and un-
loading gravel (Hopper). Fig. 4 represents the general appearance of the equipment. 
 
Figure 3. Flow chart for an estimate the reliability of extended the service life of rolling stock 
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Figure 4. Represents the overall appearance of the “Hopper Ballast Wagon” 
 
Step 1: Collect all available information about the machine in the travelling and operation re-
gimes to determine the effect of the fuzzy factors on the strength of this machine. Study each factor 
individually to estimate the membership faction for this factor [7, 8]. For this case, we consider the 
original (first) thickness of the rolling stock structure metal (T1), the thickness of metal since the diag-
nostic (T2), The speed of the wear of metal correction factors (K1 & K2), The degree of the Fatigue fail-
ure curve (m), the average value of the endurance limit of the metal of the rolling stock (
ea, ) and the 
safety factor (n) as fuzzy factors. The membership faction for these fuzzy factories studied in refer-
ences [7-9]. 
Step 2: By using the abilities of computer engineering software like (SolidWorks) and (ANSYS) we 
built a model as shown in Fig. 5, where we entered all the factors that affect on the machine during the 
transporting and working regimes. 
a) b) 
  
Figure 5. Represent (a) The model under study (as SolidWorks model) (b) The model, di-
vided by Finite Elements Method (by using ANSYS) 
 
Also at this stage, we find the fuzzy total stress effect on the structure of machine membership 
function by using eq. (1), the results of ANSYS stress analysis and the fuzzy logic applications in 
MATLAB. 
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(2) 
To approve that the stress analysis results that we got from the electronic model developed in 
the simulation programs, we fixed more than 114 strength gage sensors in selected positions of Hop-
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per Ballast Wagon and record the responses in the travelling and operation regimes. After analysis the 
empirical results of the stresses with the electronic model (by SolidWorks & ANSYS), we found that the 
deviation is not more than 7 % and it is acceptable value. Fig. 6 represent several photos of the empiri-
cal diagnostic for the Hopper Ballast Wagon. 
  
Figure 6. Represent the empirical diagnostic for the hopper-dosage machine 
 
Step 3: Depending on the model above and the MATLAB program abilities, we can get the fuzzy 
total stress acting to the element of hopper membership function and compare it with the maximum 
allowable stress on the metal, we can find the strength of the diagnostic machine. The value of mem-
bership function (µ) in the point of intersection between the fuzzy total stresses membership function 
and Max. allowable stress for the machin metal represents the risk of using this machine while the val-
ue (1-µ) represents the strength of this machine. 
RESULTS.For the studied case, we got Fig. 7 represent the final fuzzy strength diagram of diag-
nostic Hopper Ballast Wagon where (a) represents the fuzzy total stress membership function for the 
studied machine and (b) the maximum allowable stress of the metal. The value of membership func-
tion at the intersection point between the fuzzy total stress and the maximum allowable stress of metal 
was 0.43 then the risk of using this machine was 43 % and the strength of this machine 67 %. 
 
Figure 7. Represent the final fuzzy strength diagram of diagnostic Hopper Ballast Wagon where 
(a) represents the fuzzy total stress membership function for the studied machine and (b) the 
maximum allowable stress of the metal 
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DISCUSSION & CONCLUSION. By using the available information about the rolling stock ele-
ments and operation, we could determine its strength and the risk rate of using this machine. The sug-
gested theory is cheap and simple, compare with other methods using to determine the rolling stock 
strength, with considerable results. 
In this paper, we utilized the wear and fatigue failure models to estimate the strength of rolling 
stock. The offered method can use to estimate the strength of specific mobile equipment or to compare 
between a group of rolling stock to select the best machine for specific job. For future studies, we 
recommend developing a new method to calculate the strength of rolling stock with study the effect of 
all mechanical factors (mechanical and chemical corrosion, fatigue failure and cracks) depends into 
Fuzzy set theory, apply the suggested theory onto more complicated rolling stock. 
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